Abstract Although ginsenosides Rb1, Rb2, Rc, and Rd and ginseng extracts are shown to inhibit pancreatic lipase (PL) activity, the effects of the other ginsenosides, particularly the deglycosylated ones that are considered to show stronger biological activities than the glycosylated forms, are not clear. In this study, we observed the effects of various ginsenosides on PL activity. Results showed that the effects vary with each individual ginsenoside. Ginsenosides Rb1, Rd, Rg1, Rg3, and compound K significantly suppressed 43, 47, 75, and 55% of PL activity at the concentration of 100 lg/mL, respectively. Rg3 was discovered to be the most effective among various common ginsenosides, with a minimum effective concentration of 6.25 lg/mL. Ginsenosides F2 and Rf slightly enhanced PL activity. In addition, fermentation markedly enhanced the inhibitory effect of the ginseng root and ginseng berry, which might be attributed to the changes of ginsenoside profiles.
Introduction
Obesity is considered to increase the risk of various diseases, particularly heart disease, type 2 diabetes, and certain types of cancer and impair the quality of life [1] [2] [3] . Retarding the digestion and absorption of carbohydrates and fats in the gastrointestinal tract reduces energy harvest, which helps to prevent and treat obesity and diabetes. Numerous bioactive components from medicinal herbs have been reported to work as glucosidase inhibitors [4] [5] [6] or lipase inhibitors [7] [8] [9] and thereby prevent excess energy intake.
Ginseng is an ancient tonic reported to exert various physiological actions such as anti-cancer [10] , anti-diabetes [11] , and anti-inflammation [12] . In addition, it was demonstrated that ginseng showed an anti-obesity effect in murine fed a high-fat diet (HFD) [13] . Ginsenosides are the main components responsible for the biological activities of ginseng. Apart from ginseng root (GR), ginseng berry (GB), leaf, and stem were also indicated to contain ginsenosides [14, 15] and might show a distinct effect since they possess different ginsenoside profiles [16] .
Pancreatic lipase (PL), released by the pancreas, is an enzyme that converts triglyceride into free fatty acids and glycerol before absorption in the digestive system [17] . Ginsenosides Rb1, Rb2, Rc, and Rd and ginseng extracts have been shown to suppress PL activity [18] [19] [20] [21] . HFD-fed mice and rats supplemented with ginseng extracts also showed an increased amount of feces and fecal lipid content [22, 23] , which indicated that ginseng or ginsenosides might prevent or treat obesity via increasing the excretion of fat via feces. However, the inhibitory effects on the PL activity of other ginsenosides, particularly the deglycosylated forms, have not yet been reported. The dammaranetype ginsenosides can be divided into two types: protopanaxadiol (PPD) and protopanaxatriol (PPT), according to the number of hydroxyl groups joined to sugar moieties by the dehydration reaction [24] . In addition, glycosylated forms of ginsenosides such as Rb1 and Re can be transformed to their deglycosylated forms such as compound K (cK) and Rh1, respectively by acid hydrolysis [25] , enzymatic hydrolysis [26] , or fermentation [15] . Moreover, deglycosylated ginsenosides are usually considered to show stronger biological activities than the primary forms [27] . In this study, we observed and compared the effects of various ginsenosides like the PPD-type Rb1, Rb2, Rc, Rd, Rg3, F2, Rh2, and cK and the PPT-type Re, Rf, Rg1, Rg2, and Rh1. The chemical structures of these ginsenosides are presented in Table 1 . In addition, the effects of fermented ginseng root (FGR) and fermented ginseng berry (FGB) along with the unfermented ones are compared and analyzed since fermentation change the ginsenoside profiles.
Materials and methods

Materials
Ginsenosides such as Rb1, Rb2, Rc, Rd, Rf, Rg1, and cK were purchased from Biotech (Nanjing, China). Ginsenosides Re, Rg2, Rg3, F2, Rh1, and Rh2 were obtained from Cogon Biotech (Chengdu, China). The NEFA assay kit was purchased from Wako (Osaka, Japan), whereas porcine pancreatic lipase (L3126), orlistat (O4139), and dimethylsulfoxide (DMSO) were purchased from Sigma (St. Louis, MO). Finally, triolein was purchased from Avention (Incheon, Korea).
Fermentation of ginseng root and ginseng berry
GR and GB were fermented with mycotoxin non-producing Aspergillus niger and Aspergillus orzyae, respectively, based on methods presented in the previous study [15] . After fermentation, the culture broth was freeze-dried and extracted with water-saturated n-butanol at 80°C. After filtration with Whatman No. 41 filter paper (Kent, UK), the filtrate was mixed with distilled water and stewed overnight. The upper phase was evaporated with a speed vacuum concentrator (Labogene, Denmark), and the residue was suspended in diethyl ether and extracted at 46°C for 1 h to remove the fat-soluble impurities. After centrifuged at 8000 rpm for 10 min, the supernatant was discarded and the remaining solid content was used as samples for PL activity assay. The ginsenoside contents in each sample were determined by high performance liquid chromatography (HPLC) as described previously [15] .
Activity assay of pancreatic lipase
Crude PL powder was suspended in sterilized distilled water (0.1 g/mL) and centrifuged at 12,0009g for 10 min. The supernatant was used as an enzyme solution while Tris-HCl buffer (0.1 M, pH = 8) was used as the assay buffer. Triolein was dissolved in acetone at a concentration of 5% and the mixture was used as a substrate solution. Various ginsenosides and the n-butanol fractions of GR, GB, FGR, and FGB were dissolved in DMSO. Afterward, 80 lL of the assay buffer, 5 lL of the enzyme solution, and 10 lL of various samples were added to a 96-well plate. The reaction was started by adding 5 lL of the substrate solution at 37°C with 550 rpm shaking. After 30 min, the reaction was stopped by putting the plate on ice for 10 min. Then, 7 lL of the reaction mixture was transferred to another 96-well plate. The generated amount of oleic acid in the reaction mixture was determined using 
R1
R2 R3
a NEFA assay kit according to the manufacture's instruction.
Statistical analysis
Results were expressed as mean ± standard deviation. Differences were tested using one-way ANOVA and applying the least significant range tests. Statistical analyses used the SPSS statistical package (Chicago, IL). The significance level of the test results was set to p \ 0.05.
Results and discussion
Effects of various ginsenosides on pancreatic lipase activity PPD-type ginsenosides Rb1, Rb2, Rc, Rd, Rg3, F2, Rh1, and cK on PL activity were tested in vitro [ Fig. 1(A) ].
Results showed that ginsenosides Rb1, Rb2, Rc, Rd, Rg3, and cK have a tendency to inhibit PL activity. Among them, ginsenosides Rb1, Rd, Rg3, and cK significantly inhibited 43, 47, 75, and 55% of the PL activity, respectively, at the concentration of 100 lg/mL. Ginsenoside Rh2 at the tested concentration showed no effect, whereas ginsenoside F2 significantly increased 42% of the PL activity at the concentration of 200 lg/mL. Interestingly, ginsenoside Rg3 showed the most effective inhibitory effect, whereas its metabolite, ginsenoside Rh2, showed no effect. Overall, ginsenosides of deglycosylated form such as Rg3 and cK showed more effective inhibitory effect than the glycosylated forms of ginsenosides Rb1, Rb2, Rc, and Rd. With respect to PPT-type ginsenosides [ Fig. 1(B) ], ginsenosides Re and Rh1 showed no effect, whereas ginsenoside Rg1 significantly inhibited 30% of PL activity at the concentration of 50 lg/mL. Both ginsenosides Rf and Rg2 showed the tendency to increase PL activity, but only ginsenoside Rf significantly enhanced it.
Results show that the effects of ginsenosides on PL activity vary with each individual ginsenoside and deglycosylation might somehow enhance the effects. Overall, PPD-type ginsenosides showed more effective inhibitory effects on the PL activity compared with PPT-type ginsenosides. Since ginsenoside Rg3 was found to inhibit almost 70% of PL activity at the concentration of 50 lg/ mL, we tested it again at much lower concentrations.
As shown in Fig. 2(A) , the minimum effective concentration of ginsenoside Rg3 was 6.25 lg/mL, where about 40% of PL activity was inhibited. The half maximal inhibitory concentration (IC 50 ) of ginsenoside Rg3 was between 6.25 and 12.5 lg/mL. Orlistat, an anti-obesity drug, was used as a positive control [ Fig. 2(B) ]. Orlistat also works as a lipase inhibitor. The mechanism of ginsenosides on PL activity might be different from orlistat, which inhibits PL activity by covalently binding to the serine residue of the active site [28] . It was supposed that ginsenosides might attach to the surface of triglyceride droplet and disturb the access of PL to the substrate [19] .
Changes of ginsenoside profiles in ginseng root and ginseng berry after fermentation GR and GB were fermented with mycotoxin-free Aspergillus niger and Aspergillus oryzae. The ginsenoside profiles of GR, GB, FGR, and FGB analyzed with HPLC [ Fig. 3 ) were presented in Table 2 . The primary ginsenosides were transformed to the deglycosylated forms. With respect to the root, PPD-type ginsenosides Rb1, Rb2, Rc, and Rd decreased from 93, 37, 25, and 50 mg/g, respectively, to 0. Ginsenoside Rg3 increased from 9 to 49 mg/g, cK increased from 0 to 90 mg/g, and Rh2 increased from 0 to 29 mg/g. As for the berry, PPT-type ginsenoside Re decreased from 212 to 0 mg/g, and Rg1 increased from 79 to 191 mg/g. From the structure, ginsenoside Re can be transformed to Rg1 after the rhamnose residue is removed. As reported previously, ginsenoside Rb1 could be transformed to cK and ginsenoside Re could be transformed to Rh1 via Rg1 by glycosidases separated from microorganism [29] . Ginsenoside Rb1 is the most abundant ginsenoside in GR; however, after fermentation, the most abundant ginsenoside in FGR is ginsenoside cK. Similarly, ginsenoside Re is the most abundant ginsenoside in GB and ginsenoside Rg1 is the most abundant in FGB.
Effects of ginseng root and ginseng berry on pancreatic lipase activity
The effects of n-butanol fractions of GR, GB, FGR, and FGB on PL were also tested. In terms of the root, both GR and FGR GR  93  37  25  50  71  43  68  -9  ----FGR  ----30  25  46  19  49  14  27  29  90   GB  20  49  42  99  212  -79  20  -----FGB  5  25  22  13  --191  6  34  92  79  -13 The contents of PPD-type ginsenosides such as Rb1, Rb2, Rc, Rd, Rg3, F2, Rh2, and cK and PPT-type ginsenosides such as Re, Rf, Rg1, Rg2, and Rh1 in n-butanol extracts were measured by HPLC (\1 mg/g) GR ginseng root, FGR fermented ginseng root, GB ginseng berry, FGB fermented ginseng berry significantly inhibited PL activity [ Fig. 4(A) ]. GR and FGR inhibited 52 and 86% of the PL activity at the concentration of 1 mg/mL, respectively. Fermentation enhanced the inhibitory effect of GR, which might be attributed to the increased contents of ginsenosides cK and Rg3. With respect to the berry, GB showed no effect at the tested concentration, whereas FGB significantly inhibited 48% of the PL activity at the concentration of 0.25 mg/mL [ Fig. 4(B) ]. Fermentation dramatically enhanced the inhibitory effect of GB, which might be attributed to the increased contents of ginsenosides Rg1, Rg3, and cK.
At the concentration of 1 mg/mL, FGR inhibited nearly 90% of the PL activity, whereas FGB only inhibited about 60% PL activity. Because PPD-type ginsenosides are more effective than the PPT-type and FGR contains more PPDtype ginsenosides such as Rg3 and cK than FGB, FGR was more effective than FGB with regards to the inhibitory effect of PL activity.
A large number of research has indicated that ginseng or ginsenoside has anti-obesity effects on HFD-fed mice or rats [22, [30] [31] [32] . Ginsenoside Rb1 was reported to significantly ameliorate hepatic fat accumulation in HFD-induced obese rats [33] . Ginsenoside Re was reported to markedly lower blood glucose and triglyceride levels and protect against hepatic steatosis in HFD-fed mice [34] . cK was reported to possess hypoglycemic and insulin-sensitizing capabilities on type 2 diabetes induced by HFD and streptozotocin [35] . Ginsenoside Rh1 was reported to attenuate obesity by inhibiting adipocyte differentiation and inflammation [36] .
Because dietary lipids are the major source of superfluous energy, the inhibition of PL activity and digestion of triglycerides in the intestine might be very important for the anti-obesity effect of ginseng products. The development of obesity is characterized by a long-term imbalance between energy intake and energy expenditure, and excess food intake is considered a primary cause [37] . Although several anti-obesity drugs, like orlistat and lorcaserin, are available to treat obesity, long-term use of these drugs is reported to cause many side effects and is invariably accompanied with weight regain after drug discontinuation [38, 39] . Complementary and alternative therapies, long used in the Eastern world, are currently receiving considerable attention and eliciting widespread interest worldwide. The inhibitory effect of ginsenosides on PL activity might be an important mechanism of the anti-obesity effect of ginseng and some ginsenosides.
In conclusion, the inhibitory effect on the PL activity of various common ginsenosides was evaluated to show that ginsenoside Rg3 was the most effective. Ginsenoside Rg3 can be generated from ginsenoside Rb1 or Rb2 by steaming, and red ginseng was shown to be rich in ginsenoside Rg3. In addition, the PPD-type ginsenosides are more effective than the PPT-type ginsenosides. Ginsenoside cK, a regular metabolite of the PPD-type ginsenosides and reputed to exert various biological activities [35, 40] , was found to more remarkably suppress the PL activity than its precursors. Moreover, extracts of GR were shown to be more effective than that of GB, and fermentation efficiently enhanced the inhibitory effect of GR and GB on PL activity, which might be attributed to the increased contents of ginsenosides Rg1, cK, and Rg3. 
